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(57) ABSTRACT 

The object of the invention is to efficiently perform indirect 
index vector reference. An element register of a vector 
register or a scalar register speci?ed in the “index” is divided 
into multiple areas, and a particular index vector is acquired 
by selecting any of the divided areas. Accordingly, it is 
possible to store substantially multiple index vectors in one 
vector register, and therefore register resources can be 
efficiently used. The procedure for providing index vectors 
is similar to that for providing one index vector, and there 
fore the code siZe and the process cycles of the program are 
almost not increased. That is, according to the present 
invention, indirect index vector reference can be more 
efficiently performed. 
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F I G. 3 

extension ADDRESS MODIFICATION METHOD 

INTERPRETS THE CONTENT OF THE REGISTER SPECIFIED IN THE “INDEX” AS SIGNED AND 
UPDATES THE ADDRESS. 
T = base. uw; 

} targetAd rs = T; T += index[t] .w; 

base.uw = T; 

INTERPRETS THE LOWER 16 BITS OF THE REGISTER SPECIFIED IN THE "INDEX” , 
indeXIt] . h[LOWER] AS SIGNED AND UPDATES THE ADDRESS. 
T = base. uw; 

targetAdrs = T; T += index[t] .h[LOWER] ; 

INTERPRETS THE UPPER 16 BITS OF THE REGISTER SPECIFIED IN THE “INDEX" , 
index[t] . h[UPPER] AS SIGNED AND UPDATES THE ADDRESS. 
T = base. uw; 

targetAdrs = T; T +: index[t] . h[UPPER] ; 
} 
base. uw = T; 

INTERPRETS EACH OF THE LOWER 16 BITS OF THE REGISTER SPECIFIED IN THE "INDEX” , 
indexLt] . h[LOWER], AND THE UPPER 16 BITS OF THE REGISTER SPECIFIED IN THE HINDEXu , 
indeXLt] . h[UPPER], AS SIGNED AND ALTERNATELY UPDATES THE ADDRESSES. 
T = base. uw; 

O1 1 for(t=0; t < rptamt; t++){ 
targetAdrs = T; I 

if ((t & 1 ) == 0) T += index[t] . h[LOWER] ; 
} else T +1 indexIt] . h[UPPER] ; 

base. uw = T; 

INTERPRETS THE CONTENT OF THE REGISTER SPECIFIED IN THE “INDEX" AS SIGNED AND 
UPDATES THE ADDRESS. BASE REGISTER IS NOT UPDATED. 

1 00 T = base. uw; 
for(t=0; t < rptamt; t++){ 

targetAdrs = T; T += index[t] .w; 

INTERPRETS THE LOWER 16 BITS OF THE REGISTER SPECIFIED IN THE r‘INDEX" , 
indexIt] . h[LOWER] AS SIGNED, AND UPDATES THE ADDRESS. BASE REGISTER IS NOT UPDATED. 

1 01 T = base. uw; 
for(t=0; t < rptamt; t++){ 

targetAdrs = T; T += index[t] . h[LOWER] ; 

INTERPRETS THE UPPER 16 BITS OF THE REGISTER SPECIFIED IN THE "INDEX” , 
index[t] . h[UPPER] AS SIGNED, AND UPDATES THE ADDRESS. BASE REGISTER IS NOT UPDATED. 
T : baSe.UW; 
for(t=0; t < rptamt; t++){ 

targetAdrs = T; T += index[t] . h[UPPER] ; 

INTERPRETS EACH OF THE LOWER 16 BITS OF THE REGISTER SPECIFIED IN THE "INDEX" , 
indeXIt] .hLLOWER] , AND THE UPPER 16 BITS OF THE REGISTER SPECIFIED IN THE "INDEX" , 
indeXIt] .hIUPPER] , AS SIGNED AND ALTERNATELY UPDATES THE ADDRESSES. 
BASE REGISTER IS NOT UPDATED. 
T : base.uw; 
f0r(t=0; t < rptamt; t++){ 

targetAdrs = T; 
if ((t & 1 ) == 0) T +: index[t] . h[LOWER] ; 

} eIse T +1 index[t] . h[UPPER] ; 
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extension ADDRESS MODIFICATION METHOD 
INTEILPRETS THE CONTENT OF THE REGISTER SPECIFIED IN THE “INDEX” AS SIGNED AND UPDATES THE ADDRESS. 

: 3SE.UW' 

INTERPRETS THE LOWER 16 BITS OF THE REGISTER SPECIFIED IN THE I'INDEX” , 
index[t] . h[LOWER] AS SIGNED, AND UPDATES THE ADDRESS. 

0100 I1???” t t t ){ or = ; < rp am ; ++ 
targetAdrs = T; T += index[t].h[LOWER] ; 

ase. uw = T; 

THE gAME AS ABOVE. BASE REGISTER IS NOT UPDATED. HOWEVER. 
= ase. uw; 

} targetAdrs = T; T += Tndex[t] . h[LOWER] ; 

INTERPRETS THE UPPER T8 BITS OF THE REGISTER SPECIFIED IN THE "INDEX" , 
indeXIt] ._h[UPPER] AS SIGNED, AND UPDATES THE ADDRESS. 

01 1 O I :(ltmDe' t t t++){ or = ; rp am ; 
targetAdrs = T; T += index[t] .h[UPPER]; 

ase. uw = T; 

THE SAME AS ABOVE. BASE REGISTER IS NOT UPDATED, HOWEVER. 

0111 IRIEDBIW; t t t++){ or = ; < rp am ; 
} targetAdrs = T; T += index[t] . h[UPPER] ; 

INTERPRETS ANY DATA OF THE LOWER 16 BITS index[t] .hLLOWERl AND THE UPPER 16 BITS 
1ndex[t] . h[UPPER] OF THE REGISTER SPECIFIED IN THE INDEX AND THE LOWER 16 BITS 
SRSO. h[LOWER] AND THE UPPER I6 BITS SR30.h[UPPER] OF THE REGISTER A AS SIGNED, 
AND ALTERNATELY UPDATES THE ADDRESSES. 
T = base. uw; 
for(t=O; t < rptamt; t++){ 

targetAdrs = T; 
T 100 sw1tch((ISW.h[|__OWER] >> (2 * t)) & 0x3){ 

case 0: T += T_ndex.h LOWER ; break; 
case 1 : T += Tndex.h UPPER ; break; 
case 2: T +=SR30.h{L WER ; break; case 3: T +=SR30.h UPPER ; break; 

Sase. uw = T; 
THE SAME AS ABOVE. BASE REGISTER IS NOT UPDATED, HOWEVER. 
T = base. uw; 
for(t=O; t < rptamt; t++){ 

tar etAdrs = T; 
swT ch((ISW. h[UPPER] >> (2 * tg) & 0x3){ 

1 TOT case 0: T += Tndex.h LOWER ; reak; 
case 1 : T += 1ndex. h UPPER ; break; 
case 2: T +=SR30. h[LOWER ; break; 
<}:ase 3: T +=SR30. h UPPER ; break; 

I 
INTERPRETS ANY DATA OF THE LOWER 16 BITS index[t] . hLLOWERl AND THE UPPER 16 BITS 
Tndex[t] .h[UPPER] OF THE REGISTER SPECIFIED IN THE INDEX , AND THE LOWER 16 BITS 
SR31 .h[LOWERg AND THE UPPER 16 BITS SR31 .h[UPPER] OF THE REGISTER B AS SIGNED 
AND ALTERNAT LY UPDATES THE ADDRESSES. 
T = base. uw; 

11 tar%etAdrs = T; sw1 ch( ( ISW.h[LOWER] >> (2 * t)) & 0x3){ 
case 0: T += index. h LOWER ; break; 
case 1 : T += Tndex.h UPPER ; break; 
case 2: T +=SR31 .h[L WER] ; break; 
(}:ase 3: T +=SR31 .h UPPER ; break; 

gaseuw = T; 
THE SAME AS ABOVE. BASE REGISTER IS NOT UPDATED, HOWEVER. 
T = base.uw; 
for(t=0; t < rptamt; t++){ 

tar%etAdrs = T; svn ch((ISW. h[UPPER] >> (2 * tg) & 0x3){ 
1 1 I 1 case 0: T += index. h LOWER ; reak; 

case 1 : T += Tndex. h UPPER ; break; 
case 2: T +=SR31 .h[L ER]; break; 
<}:ase 3: T +=SR31 .h UPPER ; break; 
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METHOD FOR REFERRING TO ADDRESS OF 
VECTOR DATA AND VECTOR PROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
referring to an address used for reading or Writing vector 
data, and a vector processor. 

[0003] 2. Description of the Related Art 

[0004] Traditionally, data on memory is irregularly read or 
Written in image processing and the like, and there are 
proposed various methods for efficiently performing such 
processing. 
[0005] For example, in image processing, When storing a 
particular block of data of an image data from memory in a 
register, pixel data for a line of the block is stored in the 
register, and then an address on the memory Which is 
separated from the address of the data by a predetermined 
length is referred to in order to read pixel data for the next 
line of the block. 

[0006] As a method for referring to such a complicated 
address, a technique described in a reference document, 
“SuperComputer” (by Shigeo Nagashima and YoshikaZu 
Tanaka; Ohmsha, Ltd.) is knoWn. 

[0007] In this reference document, a technique is disclosed 
Wherein indirect index vector reference is used When reading 
multi-dimensional array data from memory into a vector 
register or Writing it from the vector register to the memory. 

[0008] The indirect index vector reference is a method in 
Which lists (index vectors) storing the order of addresses on 
memory to be referred to are supplied, and a particular 
address on the memory is indirectly referred to by referring 
to the lists in sequence. 

[0009] By using such indirect index vector reference, it is 
possible to perform complicated address reference on 
memory. 

[0010] (Non-patent document 1) 
[0011] “Super Computer” by Shigeo Nagashima and 
YoshikaZu Tanaka; Ohmsha, Ltd.; pp. 35-41 

[0012] In prior-art techniques, hoWever, it is necessary to 
store an index vector in a vector register, and this causes the 
folloWing problems. First, since a procedure for supplying 
an index vector is required, the code siZe and the number of 
process cycles of the program are increased. 

[0013] Second, as the number of index vectors to be 
provided increases, the number of vector registers for storing 
the index vectors also increases, thereby causing shortage of 
the number of register resources to be used for the original 
operation and therefore causing decrease in the ef?ciency of 
the operation. 

[0014] The object of the present invention is to ef?ciently 
perform indirect index vector reference. 

SUMMARY OF THE INVENTION 

[0015] To achieve the above object, the present invention 
is: 

[0016] a method for referring to an address of vector data, 
the method being for referring to a memory address to read 
or Write vector data With the use of an index vector, Wherein 
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an element storage register for storing an element of the 
index vector (for example, a register storing an index vector 
in the register ?le 40 in FIG. 4) is divided into multiple 
areas; a particular code is stored in each of the areas (for 
example, a upper and loWer areas); and multiple index 
vectors maybe generated With the use of the code stored in 
a particular area of each element storage register of the index 
vector. 

[0017] For example, any of the divided areas of an index 
register is selected With the use of the “extension” in an 
instruction code in the detailed description of the preferred 
embodiments. An element of an index vector is determined 
by the code of the selected area to generate an index vector 
specifying a particular memory address. 

[0018] Furthermore, each area of the element storage 
register stores a code indicating a relative address to a 
reference base address (for example, abase address) of the 
index vector; and a target address (a reference address on 
memory), a memory address to be referred to, is calculated 
based on the code (for example, upper sixteen bits and loWer 
sixteen bits) in an area selected from the divided areas of 
each element storage register and the base address. 

[0019] This method relates to the index modi?cation 
addressing in the detailed description of the preferred 
embodiments. 

[0020] Which divided area of the element storage register 
should be selected can be speci?ed in an instruction code or 
speci?ed by inputting a speci?cation pattern for specifying 
an area to be selected, Which has been stored in a register and 
the like. 

[0021] Furthermore, the index vector is stored in a vector 
register, and a code indicating the relative address is stored 
in each area obtained by dividing each element register of 
the vector register. 

[0022] Furthermore, each area of the element storage 
register stores a code indicating a relative address to a 
reference base address of the index vector; and a target 
address, a memory address to be referred to, is calculated 
based on the code in an area selected from the divided areas 
of each element storage register and the base address, and 
the calculated target address is set as a neW reference base 
address. 

[0023] This method relates to the post register update 
addressing in the detailed description of the preferred 
embodiments. 

[0024] Furthermore, a code indicating the relative address 
is stored in a scalar register as the element storage register, 
and the code indicating the relative address is stored in each 
area of the scalar register. 

[0025] Furthermore, the area to be selected from the 
divided areas is dynamically changed during execution of a 
vector instruction for reading or Writing of the vector data. 

[0026] Furthermore, a speci?cation pattern for specifying 
the area to be selected from the divided areas of the element 
storage register is stored in a predetermined register, and a 
particular index vector is generated by specifying any of the 
divided areas based on the speci?cation pattern. 

[0027] Furthermore, a ?rst register including the element 
storage register storing a ?rst index vector element (for 
example, an “index register” in the embodiments of the 
invention) and a second register including the element 
storage register storing a second index vector element (for 
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example, subindex registers 141 and 142 in FIG. 9) are 
provided, and multiple index vectors may be generated With 
the use of the code stored in a particular area of each of the 
?rst and second registers. 

[0028] Furthermore, the present invention is: 

[0029] a vector processor for referring to a memory 
address to read or Write vector data With the use of an index 
vector, the vector processor comprising: an element storage 
register for storing an element of an index vector (for 
example, an element register of an “index register” in the 
embodiments of the invention); Wherein the element storage 
register is divided into multiple areas, and a particular code 
is stored in each of the areas; and multiple index vectors may 
be generated With the use of the code stored in a particular 
area of each element storage register. 

[0030] Furthermore, a ?rst register including the element 
storage register storing a ?rst index vector element (for 
example, the “index register” in the embodiments of the 
invention) and a second register including the element 
storage register storing a second index vector element (for 
example, the subindex registers 141 and 142 in FIG. 9) are 
provided, and multiple index vectors may be generated With 
the use of the code stored in a particular area of each of the 
?rst and second registers. 

[0031] In this case, Which divided area of the element 
storage register of the ?rst and second registers should be 
selected can be speci?ed in an instruction code or speci?ed 
by inputting a speci?cation pattern for specifying an area to 
be selected, Which has been stored in a register and the like. 

[0032] According to the present invention, an element 
register of a vector register or a scalar register is divided into 
multiple areas, and a particular code to be an element of an 
index vector is stored in each area. And then, any divided 
area is selected, and a particular index vector is acquired 
using the code stored in the area. 

[0033] Thus, it is possible to store substantially multiple 
index vectors in a register area for storing one index vector, 
and therefore register resources can be ef?ciently used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIGS. 1A to 1C shoW formats of a load instruction 
or a store instruction; 

[0035] FIG. 2 shoWs correspondence relationships 
betWeen codes shoWn by the “extension” and extended 
speci?cations for address modi?cation in the case of index 
modi?cation addressing; 

[0036] FIG. 3 shoWs correspondence relationships 
betWeen codes shoWn by the “extension” and extended 
speci?cations for address modi?cation in the case of post 
register update addressing; 
[0037] FIG. 4 shoWs the con?guration of a vector proces 
sor 1 according to the embodiment; 

[0038] FIG. 5 is a block diagram shoWing the internal 
con?guration of a load unit 50; 

[0039] FIG. 6 shoWs a con?guration example of an 
address arithmetic circuit 54; 

[0040] FIG. 7 shoWs correspondence relationships 
betWeen codes shoWn by the “extension” and the extended 
speci?cations for address modi?cation in the case of index 
modi?cation addressing; 

Dec. 9, 2004 

[0041] FIG. 8 shoWs correspondence relationships 
betWeen codes shoWn by the “extension” and extended 
speci?cations for address modi?cation in the case of post 
register update addressing; 

[0042] FIG. 9 shoWs the con?guration of a vector proces 
sor 2 according to the embodiment; 

[0043] FIG. 10 shoWs the data con?guration of a register 
sWitching pattern; 

[0044] FIG. 11 is a block diagram shoWing the internal 
con?guration of a load unit 150; 

[0045] FIG. 12 shoWs a con?guration example for an 
address arithmetic circuit 154; 

[0046] FIG. 13 shoWs the data con?guration When a 
register sWitching pattern is included in the index ?eld of an 
instruction code; and 

[0047] FIG. 14 shoWs the con?guration of the address 
arithmetic circuit 154 When a register sWitching pattern is 
included in the index ?eld of an instruction code. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0048] Description Will be made beloW on embodiments 
of a vector processor according to the present invention With 
reference to ?gures. 

First Embodiment 

[0049] In a vector processor according to the present 
invention, an element register of a vector register or a scalar 
register for storing an index vector is divided for use to 
extend the addressing feature. 

[0050] First, the basic idea for realiZing such a addressing 
feature Will be described. Since the present invention relates 
to a load instruction and a store instruction in a vector 

processor, description Will be made, focusing thereon. 

[0051] The folloWing three types are speci?ed as the code 
types of a load instruction and a store instruction in a vector 

processor according to addressing modes (methods for refer 
ring to an address). 

[0052] FIGS. 1A to 1C shoW formats of a load instruction 
or a store instruction. The FIGS. 1A to 1C shoW an LSO type 
applicable to base relative addressing, an LS1 type appli 
cable to post offset update addressing and an LS2 type 
applicable to index modi?cation addressing and post register 
update addressing, respectively. 

[0053] In FIGS. 1A to 1C, the LS0 type applies to a load 
instruction and a store instruction for scalar data, and the 
LS1 and LS2 types apply to a load instruction and a store 
instruction for scalar data and vector data. 

[0054] The present invention handles a load instruction 
and a store instruction for vector data and relates to index 
modi?cation addressing and post register update addressing. 
Therefore, description Will be made on the LS2 type. 

[0055] In FIG. 1C, the LS2 type format includes six ?elds, 
that is, “opecode”, “destination (dst)”, “base”, “repeat 
amount (rptamt) , extension” and “index”. 
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[0056] The “opecode” is a ?eld to show the content of the 
instruction and includes a code indicating either a load 
instruction or a store instruction. 

[0057] The “destination” is a ?eld to specify the address of 
the register Where data to be loaded or stored is stored, that 
is, the address of the register to Which data read from 
memory is to be Written in the case of a load instruction, and 
the address of the register from Which data to be Written to 
memory is read in the case of a store instruction. 

[0058] The “base” is a ?eld to specify the address of the 
register Where the memory address used as a basis is stored. 

[0059] The “repeat amount” is a ?eld to shoW the number 
of repetitions of a vector instruction (the number of element 
data). If the number of repetition of the instruction is “1”, the 
instruction is a scalar instruction, and otherWise the instruc 
tion is a vector instruction. 

[0060] The “extension” is a ?ve-bit ?eld supplied for 
extending a addressing feature. In the present invention, an 
address of a divided element register is speci?ed With the use 
of the “extension” as described later. 

[0061] The “index” is a ?eld to shoW What modi?cation is 
to be performed for the address shoWn in the “base”, that is, 
the order of addresses to be referred to from the address 
shoWn in the “base”. In the present invention, extended 
speci?cations for address modi?cation is speci?ed by uti 
liZing the “index”, as described later. 

[0062] The “index” speci?es a vector register or a scalar 
register Where the above-mentioned index vector is stored 
(hereinafter, the register Where an index vector is stored is 
referred to as an “index register”). By referring to the 
“index”, indirect index vector reference is performed. 

[0063] Extended speci?cations for address modi?cation 
according to the present invention Will be noW speci?cally 
described. 

[0064] FIG. 2 shoWs correspondence relationships 
betWeen codes to be shoWn in the “extension” and extended 
speci?cations for address modi?cation in the case of the 
index modi?cation addressing. In FIG. 2, programming 
examples in a description style based on the C language are 
attached to explain the extended speci?cations for address 
modi?cations. The same goes for FIG. 3 to be described 
later. 

[0065] In FIG. 2, if the “extension” is “000”, the content 
(index vector) of the register speci?ed in the “index” (an 
index register) is interpreted as signed to perform address 
modi?cation. 

[0066] Speci?cally, the value of the register shoWn in the 
“base” is alWays regarded as the basis, and the address 
shoWn in the “index” is sequentially added to the value to 
perform address modi?cation. 

[0067] If the “extension” is “001”, the loWer sixteen bits 
of the register speci?ed in the “index” is interpreted as 
signed to perform address modi?cation. 

[0068] If the “extension” is “010”, the upper sixteen bits 
of the register speci?ed in the “index” is interpreted as 
signed to perform address modi?cation. 

[0069] Furthermore, if the “extension” is “011”, each of 
the loWer sixteen bits and upper sixteen bits of the register 
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speci?ed in the “index” is interpreted as signed to perform 
address modi?cation alternately using any of the sixteen 
bits. Speci?cally, if the execution number in repetition of a 
vector instruction is an even number, then address modi? 
cation is performed With the loWer sixteen bits, and in the 
case of an odd number, address modi?cation is performed 
With the upper sixteen bits. 

[0070] Extended speci?cations for the post register update 
addressing Will be noW described. 

[0071] FIG. 3 shoWs correspondence relationships 
betWeen codes shoWn in the “extension” and extended 
speci?cations for address modi?cation in the case of the post 
register update addressing. 
[0072] In FIG. 3, if the “extension” is “000”, the content 
of the register speci?ed in the “index” is interpreted as 
signed to perform address modi?cation. 

[0073] Speci?cally, the value of a register speci?ed in the 
“base” is stored in a predetermined register (a register for 
storing the value of a parameter T shoWn in FIG. 3) once, 
and by updating the value of the register, address modi? 
cation is performed. 

[0074] If the “extension” is “001”, the loWer sixteen bits 
of the register speci?ed in the “index” is interpreted as 
signed to perform address modi?cation. 

[0075] If the “extension” is “010”, the upper sixteen bits 
of the register speci?ed in the “index” is interpreted as 
signed to update the address. 

[0076] Furthermore, if the “extension” is “011”, each of 
the loWer sixteen bits and the upper sixteen bits of the 
register speci?ed in the “index” is interpreted as signed to 
update the address alternately using any of the sixteen bits. 

[0077] In this case, When the “extension” is betWeen 
“000” and “011”, address modi?cation is performed based 
on the content speci?ed in the “index” While the instruction 
is repeated the number of times speci?ed in the vector 
instruction; and the value of the register speci?ed in the 
“base” is updated When the repetition number is completed. 

[0078] Thus, When repeatedly performing loading or stor 
age using multiple load instructions or store instructions, the 
register speci?ed in the “base” is automatically updated. 
Therefore, it is not necessary to update the address in the 
“base” With a different instruction each time an instruction 
is issued, and the instruction can be immediately executed. 

[0079] In FIG. 3, When the “extension” is betWeen “100” 
and“111”, the address is similarly updated as done When the 
“extension” is betWeen “000” and “011”, respectively. HoW 
ever, if the extension is betWeen “100” and “111”, then 
execution of the instruction is ?nished Without updating the 
value of the register speci?ed in the “base”, after the 
instruction repetition number has been completed. 

[0080] Description Will be noW made on a vector proces 
sor according to this embodiment. 

[0081] FIG. 4 shoWs the con?guration of a vector proces 
sor 1 according to this embodiment. 

[0082] In FIG. 4, the vector processor 1 is con?gured to 
include a memory 10, a memory control section 20, an 
instruction fetch section 30, a register ?le 40, a load unit 50, 
a store unit 60 and an operation unit 70. 



US 2004/0250044 A1 

[0083] The memory 10 stores instruction codes given to 
the vector processor 1 and data to be processed. 

[0084] The memory control section 20 controls access to 
the memory 10, that is, reading/Writing of data from/to the 
memory 10. For example, the memory control section 20 
reads data from the address of the memory 10 speci?ed by 
the load unit 50 or the store unit 60, or outputs data read 
from the memory 10 to the register ?le 40. 

[0085] The instruction fetch section 30 fetches an instruc 
tion code from the memory 10 via the memory control 
section 20 and temporarily stores it. 

[0086] The register ?le 40 is con?gured to include thirty 
tWo scalar registers SRO to SR31 and eight vector registers 
VRO to VR7 each of Which consists of eight element 
registers, and temporarily stores data read from the memory 
10 and operation results. In the description beloW, it is 
assumed that each element register of the vector register and 
each scalar register are thirty-tWo bits Wide. 

[0087] If the instruction code stored in the instruction 
fetch section 30 is a load instruction, the load unit 50 reads 
an instruction code or data from the memory 10. 

[0088] If the instruction code stored in the instruction 
fetch section 30 is a store instruction, the store unit 60 Writes 
data to the memory 10. 

[0089] If the instruction code stored in the instruction 
fetch section 30 is a predetermined operation instruction, the 
operation unit 70 performs operation on particular data 
stored in the register ?le 40. 

[0090] The con?guration of the load unit 50 Will be noW 
described in detail. 

[0091] FIG. 5 is a block diagram shoWing the internal 
con?guration of the load unit 50. 

[0092] In FIG. 5, the load unit 50 is con?gured to include 
an instruction pipeline control section 51, an indeX register 
determination circuit 52, an destination register determina 
tion circuit 53, an address arithmetic circuit 54, pipeline 
registers (PR) 55 and 56, and a register 57. 

[0093] The instruction pipeline control section 51 controls 
the entire load unit 50. 

[0094] The indeX register determination circuit 52 gener 
ates a signal for selecting an indeX register in Which an indeX 
vector is stored (an indeX register selection signal) based on 
the indeX ?eld of an instruction code. 

[0095] In the case of the indeX modi?cation addressing, an 
address speci?ed as a basis (a base address) is retained, and 
a reference address is generated by specifying a relative 
address of each element to the address. That is, since a 
relative address is speci?ed for each element in the case of 
the indeX modi?cation addressing, a vector register is speci 
?ed as an indeX register. 

[0096] In the case of the post register update addressing, 
the address speci?ed as a basis (a base address) is regarded 
as a reference address, and the base address is updated by 
specifying a relative address to the base address. By repeat 
ing speci?cation of a relative address of the neXt element, to 
the updated base address, a reference address is generated. 

Dec. 9, 2004 

Therefore, in the case of the post register update addressing, 
both of a scalar register and a vector register can be speci?ed 
as an indeX register. 

[0097] The destination register determination circuit 53 
generates a signal for selecting a destination register in 
Which a destination address is to be stored (a destination 
register selection signal) based on the destination ?eld and 
the repeat amount ?eld of an instruction code. 

[0098] The address arithmetic circuit 54 calculates an 
address on the memory 10 to be targeted by a load instruc 
tion (a load address) from the base address and an indeX 
address (an address speci?ed in the “indeX”) inputted from 
the register ?le 40, based on a direction by the instruction 
pipeline control section 51. 

[0099] The PRs 55 and 56 temporarily store the codes of 
the destination ?eld and the repeat amount ?eld inputted by 
the instruction fetch section 30, causes them to be one cycle 
delayed in pipeline processing, and outputs them to the 
destination register determination circuit 53. 

[0100] The register 57 temporarily stores the code of the 
base ?eld inputted by the instruction fetch section 30. 

[0101] The con?guration of the address arithmetic circuit 
54 in FIG. 5 Will be noW described. 

[0102] FIG. 6 shoWs a con?guration eXample of the 
address arithmetic circuit 54. 

[0103] In FIG. 6, the address arithmetic circuit 54 is 
con?gured to include an I register 54a, a T register 54b, 
multiplexers (MUXs) 54c to 546 and an adder 54f. 

[0104] The I register 54a temporarily stores an indeX 
address inputted from the register ?le 40. 

[0105] The T register 54b temporarily stores the base 
address inputted from the register ?le 40 via the MUX 54c. 

[0106] The MUX 54c sWitches betWeen the base address 
inputted from the register ?le 40 and an update base address 
outputted from the adder 54f, and outputs any of them to the 
T register 54b. 

[0107] The MUX 54d selects either the upper address or 
the loWer address of the indeX address inputted from the I 
register 54a and outputs it to the adder 54f. 

[0108] The MUX 54e sWitches betWeen the base address 
inputted from the T register 54b and the update base address 
outputted from the adder 54f, and outputs any of them as a 
target address at Which a load instruction is executed in each 
repetition of a vector instruction. 

[0109] The adder 54f adds the base address value inputted 
from the T register 54b and the address based on either the 
upper or loWer data of the indeX address inputted from the 
MUX 54d and outputs it as an update base address (the value 
of the updated base address). 

[0110] In FIG. 6, the MUXs 54c to 546 are controlled by 
the instruction pipeline control section 51. That is, a signal 
for selecting any of inputted data (a selection direction 
signal) is inputted to the MUXs 54c to 546 from the 
instruction pipeline control section 51. 

[0111] The address arithmetic circuit 54 performs a pre 
determined operation appropriate for each of the indeX 
modi?cation addressing and the post update addressing. 
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[0112] Operations Will be noW described. 

[0113] The operation of the entire vector processor 1 Will 
be described ?rst With reference to FIG. 4. 

[0114] When the vector processor 1 performs processing, 
an instruction code is read into the instruction fetch section 
30 from the memory 10 via the memory control section 20. 

[0115] The instruction code is outputted from the instruc 
tion fetch section 30 to each of the load unit 50, the store unit 
60 and the operation unit 70. 

[0116] When the instruction code is inputted, each of the 
load unit 50, the store unit 60 and the operation unit 70 
decodes the instruction code, and executes the instruction 
only When the instruction is relevant to the unit. 

[0117] Here, description Will be made on the case Where 
the instruction code is a load instruction With reference to 
FIG. 5. 

[0118] When the “opecode” of the instruction code indi 
cates a load instruction (more speci?cally, When the pre?x 
code is “000”), the load unit 50 operates. 

[0119] The load unit 50 outputs the code of the base ?eld 
received from the instruction fetch section 30 to the register 
?le 40 as a base register read selection signal (a signal for 
selecting the base register to read data). The base register 
read selection signal is a signal for selecting any of the scalar 
registers SRO to SR31 in the register ?le 40 as a base 
register. 

[0120] The base address value stored in the register speci 
?ed by the base register read selection signal is inputted to 
the load unit 50, from the register ?le 40 Which has received 
the base register read selection signal. 

[0121] The base address value inputted from the register 
?le 40 is inputted to the address arithmetic circuit 54. 

[0122] The index register determination circuit 52 
receives the codes of the index ?eld and the repeat amount 
?eld inputted by the instruction fetch section 30. The index 
register determination circuit 52 judges Whether the instruc 
tion code is a vector instruction or a scalar instruction based 
on the direction from the instruction pipeline control section 
51. If the instruction code is a vector instruction, the index 
register determination circuit 52 sequentially outputs the 
same number of index register selection signals as the 
number of element data shoWn by the “repeat amount”, to 
the register ?le 40. In this case, if the register speci?ed by 
the index register selection signal is a vector register, then 
predetermined selection signals for identifying respective 
element registers in the speci?ed vector register are output 
ted. 

[0123] From the register ?le 40 to Which the index register 
selection signals have been inputted, the index address 
values from the registers indicated by the index register 
selection signals are sequentially inputted to the address 
arithmetic circuit 54. 

[0124] Receiving the index address value, the address 
arithmetic circuit 54 calculates a load address based on the 
base address value and the index address value and outputs 
it to the memory control section 20. The operation of the 
address arithmetic circuit 54 Will be described later. 
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[0125] The codes of the destination ?eld and the repeat 
amount ?eld inputted by the instruction fetch section 30 are 
stored in the PRs 55 and 56 once to adjust timing in pipeline 
processing, and then inputted to the destination register 
determination circuit 53. 

[0126] The destination register determination circuit 53 
then outputs destination register selection signals to the 
register ?le 40 in synchroniZation With the data loaded from 
the memory 10. 

[0127] In the register ?le 40, the data loaded from the 
memory 10 is then sequentially stored in predetermined 
destination registers. 

[0128] Furthermore, in the case of the post register update 
addressing, an update base address outputted from the 
address arithmetic circuit 54 is Written to the base register. 

[0129] Thus, the code of the base ?eld is stored in the 
register 57; the code outputted from the register 57 is used 
as a base register Write selection signal (a signal for selecting 
the base register to Write data); and the data of the base 
register is updated in response to input of abase register 
Write signal (a signal for directing Writing to the base 
register). 
[0130] The operation of the address arithmetic circuit 54 
Will be noW described. 

[0131] Description Will be noW made on the case of the 
index modi?cation addressing ?rst. 

[0132] In the index modi?cation addressing, the base 
address value is stored in the T register 54b via the MUX 54c 
in the cycle “1”. 

[0133] The index address value is stored in the I register 
54a. 

[0134] In the cycle “2”, the adder 54f adds the base 
address value in the T register 54b and the address value 
shoWn by either the upper or loWer half of the I register 54a, 
and the result is outputted as a target address (a load address) 
via the MUX 546. 

[0135] In and after the third cycle, While the base address 
value is retained in the T register 54b, index addresses are 
neWly inputted, and addition thereof With the base address is 
sequentially performed by the adder 54]”. 

[0136] The instruction pipeline control section 51, to 
Which the code of the extension ?eld has been inputted, 
controls the MUX 54d then to realiZe the extended speci? 
cations for index modi?cation addressing shoWn in FIG. 2. 

[0137] That is, if the “extension” is “000”, the data stored 
in the I register 54a (thirty-tWo bit data, here) is immediately 
inputted to the adder 54]”. 

[0138] If the “extension” is “001”, then the loWer sixteen 
bits of the I register 54a is sign-extended, and the obtained 
thirty-tWo bit data is inputted to the adder 54]”. 

[0139] If the “extension” is “010”, then the upper sixteen 
bits of the I register 54a is sign-extended, and the obtained 
thirty-tWo bit data is inputted to the adder 54]”. 

[0140] Furthermore, if the “extension” is “011”, then the 
loWer sixteen bits and the upper sixteen bits of the I register 
54a are alternately selected each one cycle, and sign 
extended thirty-tWo bit data is inputted to the adder 54f 














